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Télécopie : 04 76 61 52 52 - International: +33 4 76 61 52 52
  ! !)2$#! ~) +  2 
9	)
,  +' 2,3''1)'	'
()' 0	'
    Zh`Ne$l4P3pfZ]dmd_hpk\«`N_aWme$`m_aWNe$UV`{\p^P4eke^_a`NeEY[Z WmP4et\fU_a` i P3Y P4et\fUOZ]\^UV_a`
i P4eEd9ZhpfZ]ObM+\fp^Pe i  Wm`DO2_ i M4YPYUV` 4ZhUVpkP!4` pfZhYUVe"O2U©n>\fP]cUYVO2_aWmpm` i P4p^ek_a`P+\
vEZhPt@a{za_a`{\dmp^_ad_ae"Wm`mPO#+\fLm_ i P i  P4ek\^UVObZ]\fU_a`d_hWmp i P4e i _a`m` P4e«mU`m_aO2U[ZhYP4e
i Zh`me	Wm`Ob_ i MYVP$Z@¯aPlYUVP`~dmp^_aNU\@ £9_aWmYYVP+jP+\	r¤Owt;hay{ _a`{\ Z i Z]dN\¡l4P+\^\^P§O$\^Lm_ i P
 i P4e i _a`m` P4e3d_aUVeke^_a`m`NUVP4`N`mP4e i Zh`me3Wm`!O2_ i M4YVPEZ@¯aPlYUVP`YV_h{Zhp^U©\fLmO2Ph®E_hWme(dmpk_]¹
d_aek_a`me'Wm`mP i Pe^lp^UVdJ\fUV_h` I_apkObPYVYPdP4p^O2P\k\Zh`{\ i  Wm`mU&%9P4p3lP4e i P4WJn l4Zhe'P\ i  UV`mlYVWmpkP
ZhWme^ekUGYVP'l@Zhe i P i _a`m` P4eP+nJd_h`mP4`{\fUP4YYVP4e i Z]`meWN`O2_ i MYVP'Z@¯aPlWm`bYVUP4`2YV_a{Z]p^U\^LmO2Ph
¸P\^\^P|Z]dmdmp^_>lLmP`m_aWNe2dP4pkObP+\ i  P`{¯JUefZhhP4p i  Z]WN\fpkP4el@Zhe\fPYVe' WmP l4PYVWmU i P i _h`J¹
` 4PemU`m_aO2U[ZhYP4e i Zh`me§Wm`bO2_ i M4YP'Z;¯hP4lEYVUVP`YV_aaU©\@  P4e§P+nJPObdmYP4e§` WmO#p^U(>WNP4e§e^_a`{\
i _a`m` e'd_aWNpcUYVYWmek\^p^P4pl4P+\^\fPO$\fLN_ i P]
) µ H ³ +*   , _ i M4YPbYUV` 4ZhUVpkP7!4`-4pfZ]YVUVe"ObUnJ\^Ph«¸_aObd_ae^Zh`{\fP4e i PbY[Z!¯hZ]p^U[Z]`ml4P]







3 4   2,  	
P`mP4p^ZhYVU4P i YVUV`NP@Zhp Ob_ i PYVe)l_a`met\fU\^WN\fP(Z­OZHqk_hp\f_>_aY I_ap)\^LmP3Zh`9Z]Yj>e^Ue«_hG`m_a`2ZhWme¹
e^U[Z]` i Z]\fZN¦ LmP4` U`ml4YW i UV`N¬p^Zh` i _aO P
5 Pl\fe"UV`.\^LmPO2_ i P4YUV`mL{j>d_h\^LmP4ekUVe«\fLmP+j
L9Z@¯aP(YP i \^_\fLmPl4YVZhe^e_hGaP4`NP4pfZ]YVUVP i YVUV`NP@Zhp ObUnJP i O2_ i P4Ye4 K3LmUVeY[Z]\k\fP4p l@Zg\fP4h_apkj_h
Ob_ i P4YeLmZhe(P4P4`aU©¯aP`Zh`!ZhY©(Z@j>e(apkP@Z]\^P4p(dmp^Zhl\^UVl4ZhYU`{\fP4pkP4et\ i WmpkUV`m"\^LmP­YVZhek\\¤_
i P4l4Z i P4e$K3LmUVe)UVe\^LmP3l@Z]e^P(I_apUV`met\Zh`mlP(UV`X\^LmP %9PY i _hZ]`mUVObZhY mp^PP i U`m­'LmPp^P3pfZ]`J¹
i _aO P
5 Pl\^epkP4dmpkP4ekP4`{\"hP4`mP+\fUVlX¯]ZhYWmP4e~_](Zh`NUVObZhYVeEZh` i 'LmPp^P\fLmP7O2P@ZhekWmp^PObP`{\fe
OZ i P­OZ@jbP¯hP4` `m_h\3P~l4_a`{\^UV` Wm_aWme¡r¤`\^LmUVe\¤jJdP~_h O2_ i PY\^LmP4`J\fLmP~Pek\fUOZg\fUV_h`
_h %NnJP i P65P4l+\feZh` i _]§¯]ZhpkU[Zh`Nl4P"l_aO2d_a`NP4`{\fe2IaU¯>UV`NZh` U`NI_ap^ObZ]\^UV_a`¬Zh_aWN\\^LmP
d9Zhpk\c_h)¯hZ]p^U[Zg\fUV_h` i WmP\^_2\^LmP"p^Zh` i _hO P65P4l\^e1 Zh` i e^_hObP+\fUVO2P4e3\^LmPdNp^P i UVl\^UV_a` _h
pfZh` i _aO P
5 Pl\feEZhpkP`NP4P i P i 
oZhpfZ]ObP+\fP4p Pek\^UVObZ]\fU_a`­UV`~hP4`mPpfZhYUV4P i YVUV`NP@ZhpObUnNP i Ob_ i P4YeUVe	Z(dNp^_amYP4O 'LmUVlL
L9ZhePP4`\Zhl¢ YVP i Z]l4l4_hp i U`m \f_ e^P¯hP4p^ZhYcZhdmdmpk_{ZhlLmPemWN\2p^Zhp^PYj¨Ipk_aOZ aP`mP4p^ZhY
d_aU`{\_](¯>UVPw_h`.\fLNUVel4Y[Z]e^e_h3O2_ i PYVer¤`¨\fLNP4e^PbOb_ i PYVeZhl\^W9ZhYYja i Uek\fpkUVmWJ\fUV_h`
Zhe^ekWmObdJ\fUV_h`me$ZhpkP3OZ i P3l4_a` i U\fU_a`9ZhYYj_a`X\^LmP'`m_a`_amekP4pt¯aP i pfZ]` i _aO P65P4l\^e4$K3L Wme
UV`X_ap i P4p«\^_ i P4ekl4pkUVP\fLmP3YUV¢]P4YVULm_>_ i gZh`U` \^P4ap^ZhY>l@ZhYl4WmYWme«L9Zhe\f_~P3OZ i P'LmUVlL7Ue
`m_h\EZh`9ZhY©j \fUVl4ZhYVY©jIP@ZhekUVmYP~P+nJl4PdN\I_ap(\^LmPl@ZhekP'LmPp^P\fLmPp^Zh` i _aO P65P4l\ i Uek\fpkUVmW>¹
\fUV_h`¬UeZheke^WmO2P i \f_P"l_a`gqkWmaZ]\fP]87cP4pkPP"l4_h`ml4P` \^pfZ]\^PX_a`¬`m_ap^ObZhY i Uek\fpkUVmWJ\fUV_h`
Zhe^ekWmObdJ\fUV_h`meI_ap \^LmP4ekPp^Zh` i _aO P65P4l+\fe4)K3LmP4pkPI_apkP§ekP¯hP4pfZ]Y>¢ U` i _hmZ]dmdmp^_@nJUVObZ]\^UV_a`me
L9Z@¯aPPP4`l4_h`me^U i P4pkP i ¡ %9pkek\cZhdmdNp^_{ZhlLl_a`me^Uek\^e3UV`ZX` WmO2P4p^Ul@ZhY Zhdmdmpk_@nNUOZg\fUV_h`
_h\^LmPUV`{\fPapfZ]Y{j ZbZhWmeke^UVZh`
>WmZ i pfZg\fWmpkPh9e^PPI_hp3UV`met\Zh`mlP` i Pp^ek_a`|P+\EEU\^¢>U`
t;aaza+:9«¯aP`'U©\fL\fLmPap^P4Z]\ i P¯aPYV_adNObP` \«_h9l4_hObdmWJ\Z]\^UV_a`l@ZhdmZhl4U©\fUVPe4g\fLmUeekP4P4O2e
\f_PYVUObU©\fP i \f_7\fLNPl4Zhe^PeE_h_;¯aPp i Ue^dP4p^ekUV_a`¬Ob_ i PYVUV`NI'U©\fL _a`mPpfZh` i _aO P
5 Pl\
p^P@Z]YVUV4Z]\fU_a`dPp i Z]\fZ{ _hp)_hG`mPek\^P i pfZh` i _aO P65P4l+\fe4$e^Pl4_a` i ZhdNdmp^_{Z]lLXe^WmhaP4et\fP i
 j¬T>lL9ZhYVY;aNHYUVPecU`|Z]`|U\^P4p^Z]\fU©¯aPZhdmdNp^_@nJUVObZ]\fU_a`_h)\^LmPO2_ i P4Y l_a` i U©\fUV_h`9ZhYVY©j
_a`D\fLmP7p^Zh` i _hO P65P4l+\fe-;p^Pe^Y_H P\¸YVZ@j>\^_a`t@aay{1 , l;~UVYlLmp^Uek\7t;a]Q EP4` i P i
Wmd2'U©\fL\fLmPcefZ]ObP'O2P\fLN_ i {jObP4Zh`me¡_h i U<5P4p^P`{\ qkWNek\fU&%9l@Zg\fUV_h`me4«K3LNPEdmpk_ad_ae^U©\fUV_h`
_h$~UVYOb_hWmp4 ` i P4pke^_a`GP+\cvEZhP2;a{zh~IP'UYVY i P4`m_]\fPv O2P\fLN_ i U`\^LmP~I_aY©¹
YV_;'UV`m{UVe'Zh` ZhY©\fPp^`9Z]\^U¯hPZhdmdmpk_{ZhlL\f_7\fLm_he^P~\¤_N9 jekWmaaPek\^UV`m7\fLNPl4ZhYVlWmY[Zg\fUV_h`
_hE\^LmP%9p^et\\¤_ OZ]p^aU`9ZhYO2_aO2P4`{\feZ]` i \^LmPOZHnNUObU@Z]\^UV_a` _hc\fLmP  W9ZhekU©¹¤ekl4_apkP
IWm`ml\^UV_a`Z]ª\^P4p7L9Z@¯>UV`N.Z]dmdmp^_@nJUVObZ]\^P i \fLmP!¯]ZhpkU[Zh`mlP!OZg\fp^Un  e^UObUY[ZhpObP+\fLm_ i
L9ZheXP4P` dmp^_ad_aekP i {j=;pkP4ekYV_; P+\2¸Y[Z@j \f_h` t;hay{'U©\fL ZDek_aO2P'L9Z]\ i U<5P4pkP4`{\
OZhpkaUV`mZhY¡Ob_ i P4Y  ¸_a`mekU i Pp^U`mDpfZ]` i _aO P65P4l+\fe2ZheXO2UVeke^UV`N i Z]\fZN«\fLNP>9 , Z]YVa_]¹




Q   " 
 	$@	

7E_>P4¢ ek\^pfZ;aayN E` i P4pke^_a`bP\ 7EU` i P;aaa)mWN\¡\fLmUe¡e^P4PObe¡\f_PcYUVO2U\^P i Zhe§Zh_;¯aP
'LmP4` l@ZhYl4WmYVZ]\fU`m"\^LmPUV`{\fPapfZhY UV`!\fLmP 9)¹¤et\fPd
¸_hObd9Z]p^P i \^_ \fLmP|ObP+\fLm_ i dmpk_ad_he^P i {j T>lL9ZhYVY"t@aNH1'\^LmP ~­vObP+\fLm_ i
Z i _adN\^elYVP4Zhp^Y©jZ i U(5 Pp^P` \d_aUV`{\§_h ¯>UP _a`bd9Zhp^ZhObP+\fPpPek\fUOZg\fUV_h`7UV`2aP4`mPpfZhYUVP i
YVUV`NP@ZhpObUnJP i O2_ i P4Ye4|¦ LmPp^P4Zhe"\fLNPI_ap^O2P4pObP+\fLm_ i _apk¢>e7_h` \fLmPbl4_a` i U\fU_a`9ZhY
Ob_ i P4Y {Wme^U`m %mp^ek\U\^el_a` i U©\fU_a`9ZhYmet\Z]\^Wme(Z]eaP`mP4p^ZhYVU4P i YVU`mP@Z]p§O2_ i P4Y \fLmPEY[Z]\k\fPp
\fP4` i e~Ob_hp^P"\^_!Y[Z@j|LmZh` i e~_a` \^LmP7OZ]p^aU`9ZhY	Ob_ i PY){jDl4ZhYVlWmY[Z]\^UV`mbOZ]p^aU`9ZhY	Ob_g¹
ObP` \^e4¡K3L Wme'\fLmPUV`{\fPapfZg\fUV_h`!_aWN\'_h \fLmPp^Zh` i _aO P65P4l\EUVe3`N_h\cl4_a`mekU i Pp^P i Z]\3\^LmP
efZhO2P7ek\fZhaP{jD\fLmP7\¤_¬O2P\^Lm_ i e4e~\^LmPbTJlL9ZhYY«ObP+\fLm_ i i _>P4e`m_h\ekdPl4Uªj Zh`{j
d9Zhpk\^UVlWmY[ZhpOb_ i PY9Zh` i l@Z]`2P'Wme^P i U`2ZhYVY>\fLmP3l4Zhe^Pe4>U\$Ue$UVO2d_apt\Zh`{\\f_UV`{¯aPek\^UV{Z]\^P
\fLmP P+n>\fP`me^U_a` _h~v ObP+\fLm_ i \f_¨O2_apkP l4Zhe^Peb\^L9Zh`\^LmP\¤_ l4Zhe^Pe i P+¯aPYV_adP i
WmdD\f_!`m_;K3L Wme~\fLmP7Z]UVO_h¡\fLmUe~Zhpt\fUVlYVPUVeE\^_!P+n>\fP` i \fLmPXWNe^P7_h¡\fLNP7Zhdmdmpk_{ZhlL
i P¯hP4YV_hdP i  j~UVYOb_aWNp4{` i P4pke^_a`JP\'vcZhP"t;h{za+«£G_hWmYVYPj7P+\(r¤O t;ahy{$ZhYVpkP@Z i j
dmp^_ad_aekP i \fLNP7P+n>\fP`me^U_a` _hv O2P\^Lm_ i \f_o_hUVe^ek_a` i Z]\fZb'U\^L ZYV_abYVUV`N¢­¦.P
e^WmahP4ek\2LmPp^P Zh` _h\^LmP4pXI_apkOXWmYVZ]\fU_a`¨_h'\^LmP Zhdmdmpk_{ZhlL YVP4Z i UV`ND\f_D\fLNP e^ZhO2P!ObP1¹
\fLm_ i U`b\fLNP4e^Pc\¤_7l4Zhe^PemWJ\(aU©¯JU`m\fLmPEd_aeke^UmUVYU\¤j"\^_"l_a`me^U i P4p§\fLmPEP4et\fUVObZ]\^UV_a`_h
d9ZhpfZ]ObP+\fP4pke3UV`_h\^LmP4p'O2_ i PYVe
r¤` TJP4l+\fU_a` uJZ]ª\^P4pZ i Pe^lp^UVdJ\fUV_h`._h\fLmP2Ob_ i PY$L j>d_h\fLNP4e^Ue4)PdNp^P4ekP4`{\X_hWmp
p^P@Z i UV`m"_h \fLmP_ap^UaUV`9Z]YGZhdmdmpk_{ZhlLmU`{\fp^_ i WmlUV`m"Z]\\^LmP­e^ZhObPE\fUVO2Pce^_aO2P`m_]\Z]\^UV_a`
¦¨P2\fLmP` dmp^_hd_aekP_aWNp"P+n>\^P4`mekUV_a` _](\fLmPbObP+\fLm_ i ObZh¢ UV`N¬WmekP_h'Z i U<5P4pkP4`{\XZ]dJ¹
dmp^_{Z]lL$K3LmP_a>qkPl\c_h«TJP4l+\fUV_h`¬yXUe(\f_7l_a`me^U i P4p3\^LmP~d9Zhpt\fUVlWmY[Z]pl@Z]e^P_h)ZXYV_a7YUV`m¢
P+nJd_h`mP4`{\fUVZhY$O2_ i PY$Zhll4_ap i UV`m!\^_¬_h\fL ZhdNdmp^_{Z]lLmP4eZh` i \fLmP`.\^LmP_a`mP_h3Z!Y_aaU\
YVUV`N¢XmUV`N_aObUVZhYNO2_ i P4Y9I_ap¡'LmUVlLb_aWmpZhdmdmpk_{ZhlLUe`NP4l4Pe^e^Zhpkjh§r¤`!TJP4l+\fUV_h`Qm PEaU¯hP
`>WNObPp^UVl4ZhY p^Pe^WmY©\fe4!%mp^ek\)l4_aO2d9ZhpkUV`mc\fLmPdmp^_hmU\YVU`m¢Zh` i Y_aaU\	YUV`m¢~dNp^_>l4P i Wmp^Pe$_a`7Z
e^ObZhYVY i Zg\ZekP\¡Zh` i \fLmP`X_amekP4pt¯JU`m­\fLNPP4L9Z@¯>UV_aWNp)_hm\^LmUVeObP+\fLm_ i _h`Xe^UOXWmY[Zg\fUV_h`me4
	 
 # ' 	   	+"    #!2,
  "!# 
.	P+\$ P\fLmP&%')(b¯hP4l+\f_ap_h(_aNe^P4pt¯]Z]\fU_a`meBp^P4ZhYVU@Z]\^UV_a` _](\fLmP2pfZ]` i _aO ¯hP4l\^_ap
*X+|~U¯aP`¨\fLNPWm`m_hme^Ppk¯aP i,+ '-(¯aPl\^_apX_h3p^Zh` i _hO P
5 Pl\^e.m \fLmPbaP4`mPpfZhYUVP i
YVUV`NP@Zhp	O2U©nJP i Ob_ i PY>Ue i P %9`mP i Zhe«ZcaP4`NP4pfZ]YVUVP i YVUV`NP@Zhp O2_ i P4Y{'U\^L\fLNP\fLNp^P4PWme^WmZhY








  \fLmP&*  e (
	
	
	 %Zhp^PbZheke^WmO2P i \^_¬Pl_a` i U©\fU_a`9ZhYYj UV` i P4dP4` i P`{\@)'U©\fL
i UVet\fp^UmWN\^UV_a`Ipk_aO \^LmPP+nJd_h`mP4`{\fUVZhY BZhO2UVY©j'U\fL l4_h` i U\^UV_a`mZhYO2P@Z]`
 * . 
Zh` i l4_a` i U\^UV_a`9Z]Y¯]Zhp^UVZh`mlP
¯]Zhp * .  !"
'LmP4pkP#.UVe"\^LmP¯]Zhp^UVZh`mlPIWm`ml\^UV_a` _]E\^LmP i UVet\fpkUVmWN\^UV_a`¨UV`mlYVW i U`mDek_aObP+\fUObPe7Zh`
Wm`m¢ `m_;'` i Ue^dP4pke^UV_h` dmZhpfZhO2P\^P4p%$	
  P1nJdmY[Zh`mZ]\f_aptj¯hP4l+\f_apke'&( Z]` i*) ( Zhp^PD\^LmP+-,/. YVU`mP4eb_h10 Zh` i32 ObZ]\^p^UVlP4e2I_ap
p^P4ekdPl\^U¯aPYj %NnJP i Zh` i pfZh` i _aOP65P4l+\feZh` i P4`{\fPp\fLmP"Ob_ i P4Y \^Lmp^_aWNaL|\fLNP"YVU`mP@Z]p
dmp^P i UVl+\f_ap
4 50+67 2 .8
6 P4U`m¬\^LmP:9 '-(%NnJP i P
5 Pl\fe"d9ZhpfZ]ObP+\fP4p¯aPl\f_hp4+0 Zh` i;2 ZhpkPp^Pe^dP4l+\fU¯hP4Y©j
% '9DZh` i % ' + ¢ `m_;'`¬OZ]\^p^Ul4P4e<0 ( O2P@Zh`me"0 \fp^Zh`mekd_aekPh
  \fLmPYVUV`N¢XP+\¤PP4`!\fLNPl4_h` i U\^UV_a`mZhY9ObP4Zh`=Zh` i \fLmPEl4_a` i U\fU_a`9ZhY9dNp^P i UVl\^_ap 4 Uei _a`mP~\fLNp^_aWmhL\^LmPYVU`m¢2IWN`ml\^UV_a`'> ?=@>BACt /
4 D>ED	
¸_a`ml4Pp^`mU`m!\fLmPp^Zh` i _aO/P65P4l+\fe4	PbZ]e^e^WNObPUV` \^LmPXI_aYVY_;'UV`mGF p^Zh` i _hO P65P4l+\fe
.; 3.(C H	
	
	H .(I J('LNP4p^P \fLmP +EK ' (  + ML IKN C +K X¯aPl\^_ap . K l4_a`Nl4P4pk`meb\^LmP OQ,/.pfZh` i _aO P
5 Pl\c'U\fL!¯]ZhpkU[Zh`mlP~l4_aO2d_a`mP4`{\SRUTK /
. KWVYX Z[ER TK]\ K W
'U\fL \ K Z¢ `m_;'`DObZ]\fpkU©n(T>_&. V^X _Z`ba:'LmPp^P\fLmPmY_Jl¢a¹ i U[Zha_h`9ZhYObZ]\fpkU©nca
UVe i P %9`mP i {j'ad i UVZh`efR TK \ KhgiKN C kjkjkj  I 
  l m on!#op rq  0tsuluv w  
K3LmPbO2P\^Lm_ i.i P+¯aPYV_adP i  j.~UVYOb_hWmp4` i Pp^ek_a`)P+\XvcZhP¬t@a{zal_a`me^Uek\^eU` \^LmP
OZgnJUObU@Z]\^UV_a` _h¡\fLmP  W9ZhekU©¹ e^l4_hp^PXIWm`ml+\fU_a` mWmUVY©\­_a` \^LmP %9p^et\\¤_ObZhp^aU`9ZhY Ob_g¹




    " 
 	$@	

_a`mP!_hc\fLmP!L{j>d_h\fLmPe^Ue4 ¦.P!l4_a`mekU i PpX\fLmP!\¤_ Ob_ i P4YeXWmd \f_ `m_; UV`{¯aPek\fU{Z]\^P i
'U\fL \^LmUVe~O2P\^Lm_ i _aYV_a]j /­\^LmPmUV`N_aObUVZhY dmp^_aNU\~YUV`m¢¬Ob_ i P4Y O2_ i PY )DZh` i \^LmP
o_aUe^e^_h` YV_abYVUV`N¢ O2_ i P4Y O2_ i P4Y)	Z]` i P"UV`{\fpk_ i WNl4PXek_aObP"`m_h\Zg\fUV_h`¬\f_Wm`mUªj
\fLmPZhdmdNp^_{ZhlL UV`!_h\^L¬l4Zhe^Pe4§r¤`\^LmP4ekP\¤_2Ob_ i P4Ye4NPL9Z@¯aP /
) /5  D   J (Y !	
 )Zh` i >8%AC('LmP4pkP Ue'\^LmP"et\Zh` i Zhp i `m_apkOZhY
l4WmOXWNY[Z]\^U¯aP i UVet\fp^UmWN\^UV_a`¨IWN`ml\^UV_a` ªP!_ap^¢ LNP4p^P'U©\fL \fLNPIp^P  WmP`ml4UP4e&*U  P]
'LmP4`  V 
<
JE!P i P %m`mP*  
 I+
) / -  @  Z]` i > m
r¤`_ap i Pp\^_Xe^P+\3Wmd!Z"O2P\^Lm_ i I_ap§d9Zhp^ZhObP+\fPpP4et\fUOZ]\^UV_a` >UYVO2_aWmp4{E` i Pp^e^_h`
P\~vcZhPt;aazacZ]` i £9_aWmYYVPjP+\­r¤O t;hay{'Z i _adN\^P i \^LmP"I_aYYV_;'UV`NI_hWmpet\fP4dNe­p^P4Zg¹
e^_a`mU`mm
  T>\fPd  /'Zhe­U©\Ue i UblWmY\EUV`¬aP4`NP4pfZ]YVUVP i YUV`mP4Zhp'ObUnJP i O2_ i P4YVe"BP1nJl4P4dJ\~I_apc\^LmP
ZhWNe^e^UVZh` l@ZhekP;\^_¬hP\\fLmP2OZ]p^aU`9ZhY i P`me^U©\¤j IWm`ml\^UV_a` _h(\^LmP2_ame^Ppk¯]Z]\^UV_a`me \^LmP
ZhWN\fLN_ap^e'dmpk_ad_he^P\f_2_a`mYjl@ZhYl4WmYVZ]\fP~\fLNP	%9pkek\c\¤_bOZ]p^aU`9ZhY O2_aO2P4`{\feK3LmUe'aU¯hP4e
I_ap(\fLmPObZhp^hUV`9ZhYO2P@Zh` /
) /@ *! eh& ( 6[ (r7! T #"$ g 
) /@ *!&%('*) & ( 6=7+ T #,Q+
'LmP4pkP- <T  ) ( a )   K3LmP!d9Zhp^ZhObP+\fPp. <T _]ª\fP4` l_aUV`Nl4U i P4e'U©\fL Z|¯]ZhpkU[Zh`Nl4Pl_aO7¹
d_a`NP4`{\"dmZhpfZhO2P\^P4pUV`Ne^_hBZhpZ]e\^LmPbYUV`mPe~_hWaZhpkP_hª\fP`.l_aObd_aekP i _]3Z_a`mPbZh` i
4P4pk_ae4¦¨P i _`N_h\EZhe^ekWmObP]WN`mYVU¢hPUYVO2_aWmp(P+\­Z]Y¥Zh` i £9_aWNYVYVP+j!Zh` i r¤O m\fLmP/ <T  e
\f_!P7l4_a`met\Zh`{\4XK3LmUVe~dNp^P¯hP4`{\feWme­Ipk_aO ekP\^\^UV`m!WNd106; 6[ (W72 T "$ Zh` i Ip^_aO
Zh`9ZhY©jJUV`m­\^LmUVe¡U` \^P4ap^Z]\fU_a`Zhe§Z~lL9Zh`mhPEU`2ekl@ZhYP3I_ap«\fLmP %NnJP i P65P4l+\feZhe¡e^WmhaP4et\fP i
 j!£G_hWmYVYPjbP\ , Zh`NIpkP i U§;aN;+
¦¨PUV`{\^p^_ i Wml4P\fLNP`N_h\Z]\^UV_a` 4 0+6.'LmUVlL Pl4ZhYVY\^LmPObZhpkaUV`9Z]Y YVU`mP@Z]p(dmp^P i UVl1¹
\f_ap9Zh` i
4 3 5 4 7 6 \fLmPLJ¹¤ObZhpkaUV`9Z]YVUVP i YUV`mP4Zhp'dmp^P i UVl+\f_ap85 UVe'\fLmP i U[Zhh_a`9ZhY ObZ]\fpkU©n
l4_a`{\Z]UV`mU`m \^LmPOXWNY\fUdmYVUl@Z]\^U¯hPXP65P4l+\ i WmP\^_|\fLNPUV`{\fPapfZg\fUV_h`._h3\^LmPp^Zh` i _hO P+[¹
IP4l\^e4¡Zh` i 6&UeXZh` _5G¹¤ekP\¯aP4l+\f_ap K3LmPdmpkP¯>UV_aWNeXP+nJdmpkP4e^ekUV_a`NeXI_ap\^LmPObZhp^aU`9ZhY
ObP4Zh`l@Zh`\fLmP`¬P~'p^U©\^\fP`
   * 3?U 4 3 "
'U©\fL /








) /95  ; Zh` i 6d  T , 
	
	
	i  T; , ( 
£G_hp\fLmPObZhp^hUV`9ZhY¯]Zhp^UVZh`ml4P~ObZ]\^p^U©nR_h *bmPLmZ;¯hP&/
t  7 C 
'LmP4pkP
) /   i U[Z]`e	 J (   ue T  4 3  4 3 
J    4 3  T g 
  g  N C kjkjkj  ; C  e T  4 3  4 3K 
J K  + 4 3 	 4 3K  g   KN C kjkjkj  ;'U\fL
J K  ) ( a ) K  e  (D7  <T "$  ("7  <TK "$ g Zh` i  T UVe'\fLmPl4WmOXWNY[Z]\^U¯aP i Uek\fpkUVmWJ\fUV_h`IWm`ml\^UV_a`_hJ\fLmP¡mU©¯hZ]p^U[Zg\fP$ek\fZh` i Z]p i `N_ap^ObZhY i Uek\^p^UVNWN\fU_a` /  T  $ C  $ T  r  * C$ C + * C $ C   m'LmP4pkP* C VYX Z[ (f  * T V^X _Z` (fZh` i l_ap^pH * C  * T  9
) /   i U[Z]`ef g  N C kjkjkj  ; C  ef  K e:% '*)  ) ( a ) K  )( gg   KN C kjkjkj  ;S	
  T>\^P4d"u / YP\	Wme i P %9`mP$\fLNP¡I_hYVYV_;'U`m i UVZha_a`9Z]YhObZ]\fpkUVl4Pe  i UVZh e]? (  4 3  g  N C kjkjkj  ;Zh` i   5  ¦ LmP` ¯]ZhpkU[Zh`mlP l4_aO2d_h`mP4`{\fe¬ZhpkP.¢ `m_;'`sZh` i 'U\^L \^LmP \¤_
Ob_aO2P4`{\^e Zh` i  i Pp^U¯hP i Ipk_aOsek\^P4dh %NnJP i P65P4l\)d9Zhp^ZhObP+\fPp^e l@Zh`PP4ek\^UVObZ]\fP i
 jObZgnJUVO2UVUV`m§\fLmP  W9ZhekU©¹ YVUV¢]P4YUVLm_>_ i @Wme^U`m3\fLmP¡I_aYYV_;'UV`mU\fPpfZ]\^U¯hP¡ZhYVa_hp^U\^LmO ekP4P
, l;¸WmYY[ZhhL P+\c®EPY i Pp";aaa­
 i P4`m_]\fP4e'\fLNPU©\fPpfZ]\^UV_a`et\fPdG
-0 (  "! AC 0  6   $# C%! 0 (  "! AC'&	  "! H
'LmP4pkP &   "![0+6(  "!7    "! AC  $. )  "!/(Zh` i    "!    "! AC*+  "!    "! AC+
  T>\^P4d.y /­UV` dmp^Zhl\^UVl4PX¯]ZhpkU[Zh`Nl4P7l4_hObd_a`mP` \^eZhp^PWm`N¢>`N_H'` 2K3LNP2dNp^P¯>U_aWme~dmpk_]¹
l4P i Wmp^Pl4Zh`m`m_]\"\fLNP4p^P+I_ap^PbP i UVpkP4l+\fYj WNe^P i |K _|BZhl4P2\fLmUedNp^_amYP4O  \^LmP!ZhWJ\fLm_apke
dmp^_ad_aekP2\^_|ZhdNdmp^_@nJUVObZ]\fP7\^LmPb¯]ZhpkU[Zh`mlPOZ]\^p^Un, Zh` i \f_|pkP4l_aa`mU4P2UV` \fLmUeZ]dJ¹
dmp^_@nJUVObZ]\fU_a`¬Zek\fpkWml\^Wmp^PX'LNUVlL P4`mZhmYVPe\fLNPXP4et\fUVObZ]\^UV_a`¬_h %NnJP i P65P4l+\feZh` i ¯hZH¹
p^U[Z]`ml4PEl4_aO2d_h`mP4`{\fe3dmZhpfZhO2P\^P4pke4¡£9_apekOZ]YVYG¯hZ]YVWmPe(_h ¯]Zhp^UVZh`mlP­l4_aO2d_a`mP4`{\^e4- Ue
Zhdmdmpk_;nJUOZ]\^P i {j
0d 0  7 0 C
) / 0   i U[Z]`e	 J (   .
J %/D 4 3  T   
  g  N C kjkjkj  ;




   " 
 	$@	

) / 0   i U[Z]`ef g  N C kjkjkj  ;
0 C  ef  KY)( a ) K
g   KN C kjkjkj  ;u	
K3LmUVe'ZhdNdmp^_@nJUVObZ]\fU_a`!_h Rl@Zh`\fL Wme'P'pkU\k\fP4`U` _h\^L l4Zhe^Pe /
0t 0  7 D2 a 2 (  	
  T \fP4d!Q/( PUV`m7Z]dmdmp^_@nJUVObZ]\^P i ekWmlLmYVU¢hP]N\fLmUe(YVP4Z i e\^_"\fLNPI_aYVY_;'UV`m"Zhdmdmpk_;nJU¹
OZ]\^UV_a`bI_ap  /
0  7 2 a 2 ( 
'LmP4pkP   AC 0   AC+!r¤` 0 PpkP4l4_ha`mUVP2\^LmP¯hZ]p^U[Z]`ml4P2ek\^p^Wml+\fWmpkP_h'ZYVU`mP@Z]pObUnNP i Ob_ i P4Y K3LNP¬ObZgnJUVOXWNO  W9ZhekU©¹¤ekl4_apkPP4ek\^UVObZ]\fU_a` _h 6 Ip^_aO tH"'U\^L 0
l@Zh`P\^LmP4pkPI_apkP_aN\Z]UV`mP i  jek_aY¯>U`m7U\^P4pfZg\fU¯hP4Y©jb\^LmP 7EP4` i P4pke^_a`  ecObUnNP i Ob_ i PY
P  W9Z]\^UV_a`me'Z]e^e^_>l4UVZ]\fP i 'U©\fL!\fLNUVe(¯]Zhp^UVZh`mlP~ek\fpkWml\^Wmp^P 0(   "! ACJ0 0(   "! AC 2
2%(    "! AC 0 2%(    "!AC2 7^a AC  6 .    0(   "! AC &   "!2%(    "! AC &   "!	 	  ua
K3LmUVe'UVecZh` U\^P4p^Z]\fU©¯aPdmp^_>l4P i WmpkPekP\^\^UV`m2Wmd¬Zh` i e^_aY©¯JU`m2Z]\cP@ZhlL¬ek\^P4d¬\^LmP4ekP"P >WmZg¹
\fUV_h`me7'U\fL \fLNP lWmp^pkP4`{\¯]ZhYWmP4e_hE\fLmP d9Zhp^ZhO2P\fPp^e2Zh` i I_ap7\fLmP!_ap^¢ U`m.¯hP4l\^_ap
&   "![EeZ! j{¹ dmp^_ i Wml+\@P\^LmP4` aP+\Zh` P4et\fUOZ]\^UV_a`¬_h¡\fLmPX¯]ZhpkU[Zh`Nl4PXl_aObd_a`mP`{\fe
 o)Zg\^\fPp^ek_a`¬P+\cK3Lm_aO2dme^_a` ;   HZh` i Z7dmp^P i UVl+\fU_a`_h\^LmPpfZh` i _aO P
5 Pl\^e4

 l 0op   m   q m  0 s*l v w  
K3LmPZhdmdmpk_{ZhlL _hTJPl\fU_a`uJ u|UVe i P4e^lp^UP i I_hp"\fLmP\¤_ d9Zhpt\fUVlWmY[Z]pO2_ i P4YVe )
Zh` i )$¦ LmP4`!l_a`me^U i P4pkUV`m"_h\fLmPp\¤j>dPe3_h	O2_ i PYVe>PBZhlP\fLmPdmp^_aNYVP4Ow_h \^LmP
OZhpkaUV`mZhY O2_aO2P4`{\fe'l@Z]YVl4WNY[Z]\^UV_a`Zh` i Zh_;¯aP"ZhYVY \^LmP_a`mP_h)\^LmPOZhpkaUV`mZhY¯]ZhpkU[Zh`mlP
OZ]\^p^Unw'LNUVlL|UecBZ]p'Ipk_aO P4UV`NbP4Zhekjh(¦¨P\fL WmedNp^_ad_ae^P\f_ %9pkek\~Z]dmdmp^_@nJUVObZ]\^P
\fLmPl_a` i U©\fU_a`9ZhY¡O2_ i PYZ]` i l@ZhYl4WmYVZ]\fP2\fLmPOZhpkaUV`mZhY$Ob_hObP` \^eX_a`mY©j.Z]ª\fPpkZhp i e
K3LmUVeZhdmdNp^_@nJUVObZ]\fU_a` YVP4Z i e\f_¬Zh`.P4Zhe^UP4pObZhp^aU`9ZhY«l4ZhYVlWmYVWNeZh` i ZheP2'UVYVY)e^P4P]
_apk¢ e _hWN\ \fLmP$e^ZhO2P¡Zhdmdmpk_;nJUOZ]\^P i ObZhp^hUV`9ZhYH¯]Zhp^UVZh`mlP$OZ]\^p^Un 02Ee 0 Ue Zhl+\fW9ZhYYj









. P+\WmeZhe^ekWmO2P\^L9Z]\c\fLmP_amekP4pk¯]Z]\^UV_a`Ne0$ZhpkPpkP@ZhYUV4Z]\fU_a`me3_h«ZbpfZ]` i _aO ¯hP4l\^_ap
0* 'LmUVlL7l_aO2d_a`NP4`{\fe$Z]p^P(l_a` i U©\fUV_h`9ZhYVY©j~UV` i P4dP4` i P4`{\§Zh` i 'U©\fLXl_a` i U©\fUV_h`9ZhY ObP4Zh`
0   ?U 4 3 U7^? (  4 3  0) ( . 
'LmP4pkP 0)( UVe(\^LmP1 ,/. YVUV`NP~_h 02 5 2 Zh` i l4_a` i U\^UV_a`9Z]Y¯]Zhp^UVZh`mlP
¯]Zhp 0* . 0  !"
'U\fL!\^LmPefZhO2P­¯]Zhp^UVZh`ml4P­IWN`ml\^UV_a`'Z]ecU`!\fLmP_apkUVaU`9ZhYOb_ i P4Y 
¦¨PUV`{\^p^_ i Wml4P7\^LmP`m_h\Zg\fUV_h` 04   4 3 7 5 2 .m'LNUVlL P2l@ZhYY)\fLNPZhdNdmp^_@nJUVObZ]\fP il4_a` i U\fU_a`9ZhY¡YUV`mP4Zhpdmp^P i UVl+\f_apDe"Pl4Zh` e^PPh$U\"UVe_aN\Z]UV`mP i {j Z iNi UV`m \f_|\^LmP
LJ¹¤ObZhp^hUV`9ZhYUVP i YUV`mP4Zhp«dmpkP i Ul\^_ap 4 3 \fLNPcp^Zh` i _hORd9Zhpt\¡dmp^P1¹¤OXWmY©\fUdmYVUP i {j7\^LmP'efZhO2P
OXWmY\^UVdmYUVl4Z]\fU©¯aP2P65P4l\2ObZ]\fpkU©n 5  K3LmUVe7l4Zh`PUV`{\^P4p^dNp^P\^P i I_apX\fLNP!l4_a` i U\fU_a`9ZhY
dmp^P i UVl+\f_ap 4 ZheEZ2lLmZh`maPUV` e^l@Z]YVP_h«\^LmPpkP4apkP4eke^_apke/ 00  50 02  5 2 'K3LmP
l4_a` i U\fU_a`9ZhY	O2P@Zh` 0 ~e^_ i P %9`mP i l4Zh` P7ekP4P4` ZheZ%mp^ek\_hp i Pp~Zhdmdmpk_@nNUOZg\fUV_h`|_h
? 04   3Z]\ 4 3 I_ap .lYV_aekP­\f_4Pp^_m
7EZ@¯JU`mbZhdmdmpk_;nJUOZ]\^P i \fLNPl_a` i U©\fUV_h`9ZhYO2_ i P4Y¥JP\fLmP`|dmpk_JlP4P i \f_\fLNPObZhp¹
aUV`9Z]YO2_aO2P4`{\fe­l4ZhYVlWmY[Zg\fUV_h`|UV`D\^LmUVe`mP Ob_ i P4Y_a` 0*¦¨P7hP\~I_ap\^LmP7ObZhp^aU`9ZhY
ObP4Zh`
P 0*3?U 4 3 
Zh` i I_ap(\fLNPObZhpkaUV`9Z]Y¯]Zhp^UVZh`mlP~OZ]\^p^Un
0  i UVZh`e P 0  ! g  N C kjkjkj  ;+7 02 a!02 (  i UVZh`e P 0  ! g  N C kjkjkj  ;+7 D2 a 2 ($
K3LmP %9p^et\c\^P4pkO _h \fLmUe3e^WmO aU©¯aPe
) /  ef  0   g    0 _ (  0 !	
  
   4 3  (+ 4 3   /D 4 3  T  5 2  ( aP5 2    

) /  ef  0   g    0  
 	
¦¨P\^L Wme$P4` i Wmd7U`X\fLmUe)`mP+ Z]dmdmp^_aZhlL7'U\fL7P1nNZhl\^Yj\fLmP3e^ZhObPOZ]p^aU`9ZhY Ob_hObP` \^e
Zhe\^LmP(ZhdNdmp^_@nJUVObZ]\fP i ObZhp^hUV`9ZhYhOb_aO2P4`{\^e)UV`\fLmP_ap^UaUV`mZhY{ZhdmdNp^_{ZhlL ¡¸_a`met\fp^WNl\fU`m




;   " 
 	$@	

i P4ekl4p^UP i UV`TJPl\^UV_a` uJ uJ$K3LmPZ]dmdmp^_@nJUVObZ]\^P i ¯]ZhpkU[Zh`mlP­ek\^p^Wml+\fWmpkP­Ip^_aOw\fLNP~_ap^UaU©¹
`9ZhYmO2_ i P4Y9Zh` i \^LmP3¯hZ]p^U[Z]`ml4P3et\fp^WNl\fWNp^Pc_h\^LmPcZhdmdmpk_@nNUOZg\fP i O2_ i P4Y9ZhpkP3\fLmP'efZ]ObP]
K3LmPdmp^_>l4P i Wmp^PUVe i P %9`mP i ekUVO2UVY[Z]p^YjXe^_aY©¯JU`mU\^P4pfZg\fU¯hP4Y©j 7cP4` i Pp^ek_a`  eP  W9Zg\fUV_h`me4
r¤`\fLmUe7`mP Zhdmdmpk_{ZhlL\^LmP4pkPI_apkPhUV`met\fP@Z i _hl@ZhYl4WmYVZ]\fU`m %9pkek\\fLmP ObZhp^aU`9ZhY
Ob_aO2P4`{\^e­Zh` i \fLmP`.Z]dmdmp^_@nJUVObZ]\^UV`m\fLmPO¬P %9p^et\Zhdmdmpk_@nNUOZg\fP\^LmPXO2_ i P4YZh` i
l@ZhYl4WmYVZ]\fP­\^LmPOZhpkaUV`mZhY O2_aO2P4`{\fecZ]ª\^P4pkZhp i e4K3LmUVe'UVecZXZ;j\^_Z@¯a_hU i \fLmP i Up^P4l+\
l@ZhYl4WmYVZ]\fU_a`_h 'LmUlLDUVeEZhl+\fW9ZhYYj`m_]\WmekPIWmY EK3LNUVeUed9Z]pk\fUl4WmYVZhp^Y©jU` \^P4pkP4ek\^UV`mN
Zhe§P'UYVY9e^PPP4Y_H 'LmP`\fLmPEOZhpkaUV`mZhYN¯]Zhp^UVZh`mlPEObZ]\fpkU©nl4Zh`m`m_]\Pl4ZhYVlWmY[Z]\^P i 
K3LmPZ]dmdmp^_@nJUVObZ]\^UV_a`XUe¡e^_ i _a`mP'_a`mP'et\fP4dbP+I_ap^P]«` i {jX\fLNUVe4 U©\¡P4`ml_aObdmZhe^ekP4e¡I_ap
Ob_ i P4Y ) Zh` i )|\¤_ i U<5P4p^P`{\\¤j>dPe~_h§ZhdmdNp^_@nJUVObZ]\fU_a`me3'LmP4` i _a`mP"IWmpt\fLmPp
_a`3®cP¯aPpk\^LmP4YP4e^eE\f_ i P %9`NP\fLNP"ZhdNdmp^_@nJUVObZ]\fP i l_a` i U©\fU_a`9ZhYO2_ i P4Y _a` 0* \fLmPOZH¹
\fp^Ul4Pe  5 Zh` i 6L9Z@¯aPX\f_!PX¢ `m_;'`K3LmPj Z]p^PXU i P4`{\fU&%9P i _h`ml4P"\^LmP7ObZhp^aU`9ZhY
P+nJdPl\fZ]\fU_a`UVe§l@Z]YVl4WNY[Z]\^P i «K3LNUVeUeI_ap§e^WNp^P~Z"YUVO2U\fZ]\fU_a`X_h \^LmUVeZhdmdmpk_{ZhlL!U`me^_hBZ]p
Zhe­PbZhpkP i _aUV`N\fLmPWm` i P4p^Y©j>UV`m Zheke^WmO2dN\fU_a` \fL9Zg\~P2ZhpkPZhmYVPX\^_l@ZhYl4WmYVZ]\fP"\^LmP
OZhpkaUV`mZhYGObP4Zh`Zh` i \^_X'p^U\^P­U\" *!r@?U 4 3 + ;WN\3ZheP'UYVYe^PP~UV`\fLNP­Ob_ i PYl4_a`mekU i Pp^P i P4Y_Hm\^LmUVe3L{j>d_h\fLmPe^UecUe(¯aPp^U(%mP i 
    #!( 2,3

  0  !   # !  w 
¦¨PLmPp^Pl4_a`Ne^U i P4p3\fLmPO2_ i P4Y/
* . V 	 &9U  
Zh` i    %('*)  4  !"	
r¤`\^LmUVe$l4Zhe^P]>Zhe$UV`X\^LmP(\¤_dmpkP¯>UV_aWNe$l@ZhekP4e4>_h\fLZhdNdmp^_{Z]lLmP4e¡l@Z]`bP3Wme^P i «r¤` i P4P i
P i _`m_]\3P4`ml_aWm`{\fPpZ]` je^dP4lU[ZhY i U 2l4WmY©\¤jb\^_7l@ZhYl4WmYVZ]\fPE\fLmP~ObZhp^hUV`9ZhYGO2_aO2P4`{\fe
£G_hp\fLmUe'Ob_ i P4Y JPL9Z@¯aP /
P * .     % '*) -&( 6=7 ) ( .D









P *   o%('*) -& ( 6c7 )( a ) ,QD
¯]ZhpH *   T e, % '*) )( a )   ( g 
l_;¯o *_ * K      K e:%('*) ) ( a ) K   ( g 	
TJ_m-t   7  C 'U©\fL
   i UVZh`efUT % ' )  ) ( a )  g  N C kjkjkj  ; C  ef  K  %('*)  ) ( a ) K   (f g / KN C kjkjkj  ;u	
K3LmPZhdmdmpk_;nJUOZ]\^UV_a`_h\^LmUVe'ObZ]\fpkU©nYVP4Z i e(\f_ 0d 0  7 0 C 'U©\fL
0   i U[Zh efUT  (r7 ) ( a )  g  N C kjkjkj  ;
0 C  ef  Kb)( a ) K
g   KN C kjkjkj  ; 	
K3L>WNe4(\fLNPDZhdmdNp^_@nJUVObZ]\fP i ¯]ZhpkU[Zh`mlP¬et\fpkWml\^Wmp^P¬UVe 0  d7 2 a 2 ('LmP4pkP  
i U[Zh e (r7 ) ( a )  g  N C kjkjkj  ;c
®c_;gI_aYYV_;'UV`N_aWmp	Z]dmdmp^_aZhlLZh` i e^U`ml4Pr *  % ' ) &( 6 7 ) ( a )  ,Q3?U 4 3 1P i P %9`mP 5   ;% 6   ) ( C a ) C #,`
	
	
	 ) ( ; a ) ; ,Q ( Zh` i 4 3  50+6 7 6K3LmP4pkPI_apkPh PXaP+\   i U[Z]`e:%('*)&( 6#7 ) ( a )  , g  N C kjkjkj  ;S    5   Zh` i\fLmPl4_h` i U\^UV_a`mZhYZhdNdmp^_@nJUVObZ]\fP i Ob_ i PYUVe i P %9`mP i \fLNp^_aWmhL
P 0* .   0    (57 )( . 4%('*)& ( 6c7 )( a )  ,Q
¯]Zhp 0* .    0  M  (57 ) ( . T % ' )Ue,`-&( 6=7 ) ( a )  #,Q g 	
¦¨P~\fLNP4` _aN\Z]UV`/I_hp(\fLmP~\¤_bObZhp^hUV`9ZhYO2_aObP`{\fe3UV`!\^LmPZhdmdmpk_;nJUOZ]\^P i O2_ i PY /
P 0*  %('*) &( 6=7 ) ( a )  ,Q
0  0  7 "2 a 2 ( 
'LmP4pkP 0    i UVZh`e  (r7 ) ( .T %('*)Ue,[&( 67 ) ( a )  ,Q gg  N C kjkjkj  ;  i U[Zh e  (57 ) ( a ) 4% '*)  , &( 6c7 ) ( a ) ! g  N C kjkjkj  ;u	
r¤` \^LmUVeZhdNdmp^_{Z]lL P2P4` i Wmd 'U\fL \fLNP2e^ZhO2P¯]ZhpkU[Zh`Nl4P7ek\^p^Wml+\fWmpkPZ]eU` \fLmP'%9pkek\
Zhdmdmpk_{ZhlL¬Zh_;¯hP
0  DAC 0 DAC 7 2 a 2 (




Hu   " 
 	$@	

r¤`2\fLmUel4Zhe^PZh{ZhU` Zhe¡I_ap¡Ob_ i PYVe )7Zh` i )U`TJPl\^UV_a`uJ yJ PE¯hP4pkUªj7\fLmZ]\
\fLmP7\¤_|ZhdNdmp^_{Z]lLmP4eYVP4Z i \f_!\fLNP7efZhO2P2Zhdmdmpk_;nJUOZ]\^P i ObZhp^hUV`9ZhY O2_aObP`{\fe4"` i
PObZ;jWme^P~\fLNPetj>ek\fPO ¥ua\^_2hP\3\fLNPP1nJdPl\fP i P4et\fUOZ]\^P4e

     ! rw !    ! ,!  w 
¦¨PLmPp^Pl4_a`Ne^U i P4p3\fLmPO2_ i P4Y/
   . V  
<
  E  
Z]` i    Y_aaU\ AC  4   "
'LmP4pkP­YV_ahU\ AC -&   %('*) -& 	 e ( 7 % '*) -&  g $EeU`TJPl\^UV_a`u> uJ PE_ap^¢2LmP4pkPE'U©\fL
\fLmP~Ip^P  WmP4`mlUVPe*  
 ¤
K3LNUVe­Ue~Zl@ZhekPX'LmP4pkP7\fLmPX_hp^UVhUV`9ZhY ZhdNdmp^_{Z]lL l4Zh`m`m_]\~P7WNe^P i ekUV`mlPX\fLmPXObZhp¹
aUV`9Z]Y¡¯]ZhpkU[Zh`Nl4PObZ]\^p^U©n l4Zh`m`m_]\7Pl@ZhYl4WmYVZ]\fP i P+nJdmYUVlU\fY©j Zh` i P+¯aP4` \^LmPObZhp^aU`9ZhY
P+nJdPl\fZ]\fU_a`ZheEP'UYVY ekP4P\^LmP4pkP@Z]ª\^P4pUeEZ]dmdmp^_@nJUVObZ]\^P i c}­WmpEZhdmdmpk_{ZhlL¬UVe'\fL Wme
`mP4P i P i \f_2dmp^_ad_aekPZ7ObZhp^hUV`9ZhYdmp^_>l4P i WmpkPI_ap3dmZhpfZhO2P\^P4p3Pek\fUOZg\fUV_h`!UV`!\fLmUe3Ob_g¹
i P4Y 
K3LmPl4_a` i U\fU_a`9ZhYOb_ i PYL{jJd_h\^LmP4ekUVecaU¯hP
P * .      %('*)  4  !	 e (57+% ' )  4    g
¯]Zhp * .   -  M  _ (      
  	
. P+\Wme'%9p^et\l4_a`mekU i Pp7\fLmP!ObZhp^hUV`9ZhY§P+nJdP4l+\Z]\^UV_a`; *!P   %('*)  4  !	 e (7
%('*)  4  ! g {'LmUlLl4Zh`m`m_h\P i UVp^Pl\^Yj7l4ZhYVlWmY[Z]\^P i K3LmUVe¡Ue¡\^LmPcp^P@Z]e^_a`2'L j7PWNe^P
\fLmPcWme^WmZhYZhdmdmpk_;nJUOZ]\^UV_a`7_] \fLNPEY_aaUVet\fUlIWm`ml+\fU_a`D P4aPp4 . U[Zh`mN{P\§YPpk\c;aaa
UV`\¤_X(Z@j>e4§r¤` i PP i JP~WmekP~U\%9p^et\3{j'p^U©\fU`m  *  . 4  !§'LmPp^PEl4Zh`
Pe^P+\cWmd \^_W 	 "$ (
	[ ( +)¦.P~\fLmP`¬hP\
 *   4    
'LmUVlL UVe3P >WmZhY\f_
   4       b& ( 6c7 )( . 








'LmP4pkP  T  )( a )  Zhe3U`¬TJP4l+\fUV_h`DuJ uJ
®E_;wWme^U`mD_a`Nl4PZ]{ZhUV` \fLNUVeXZ]dmdmp^_@nJUVObZ]\^UV_a` _h3\^LmPY_aaUVet\fUlXIWm`ml\^UV_a` P%9`9ZhYYj
L9Z@¯aP
 *!&%('*)Ueh& ( 6[ (r7 T  T  "$ g   (57+%('*)Ueh& ( 6 ` (r7 T  T  "$ g 3?U 4 3  0	
K3L>WNe49P i P %9`mP /
  5  i U[Zh e  (r7iT  <T  A "$ g  N C kjkjkj  ; 
    i U[Zh e]? (  4 3  g  N C kjkjkj  ; i U[Zh e:%('*) 4 3  e (r7 %('*)  4 3  g A`T g  N C kjkjkj  ; i U[Zh e 0  (  0 g  N C kjkjkj  ;u
    i U[Zh e 0  (  0	[ (r7 T  T  "$ g  N C kjkjkj  ; 
  6  Z#;u	
` i \fLmPl_a` i U©\fUV_h`9ZhYZ]dmdmp^_@nJUVObZ]\^P i O2_ i PY ¯aPp^U&%9P4e
 0*  .   0   0`7 0 J (  0  0) ( .¯hZ]pH * .     0    0 _ (  0 !	
  	
¦.PX`m_; l@Z]YVl4WNY[Z]\^P\^LmP"¯]Zhp^UVZh`mlPObZ]\fpkU©n _h 0*2'LmUlL UVec\fLmPOZhpkaUV`mZhY	e^P4l_a` i
Ob_aO2P4`{\3U`!\fLmPZhdmdNp^_@nJUVObZ]\fP i O2_ i P4Y 
0d 0  7 D2 a 2 ( 
'LmP4pkP 0  UVe(\fLNP i U[Zha_h`9ZhY ObZ]\^p^U©nb'U\^L , . i UVZha_a`mZhY PYVP4O2P4`{\
0     0   (  0    
   0J (  0be (  0J ( 0 0)( a 0) 
  g 	
9«¯hP4`{\fW9Z]YVYjPL9Z@¯aPUV`!\fLNUVe'l@ZhekP~\fLmPI_aYVY_;'UV`m"¯]ZhpkU[Zh`Nl4P~ek\^p^Wml+\fWmpkP 0   7
2 a 2 ('U©\fL
  i UVZh 0   ) ( a )  7 (57 T  T 	 e 0_ (  0! g 
 3  N C kjkjkj  ; 	
` i \^LmUVe¯]ZhpkU[Zh`Nl4PXet\fp^WNl\fWNp^P7_hZYVU`mP@Z]pO2U©nJP i O2_ i P4YUVeWNe^P i \f__apk¢|_aWN\~Zh` i









   0  !   #!   w # 
K3LmP3U i P`{\fU\¤jYVU`m¢p^Pl4P4U©¯aPeZ­dmZhpk\^UVl4WNY[Zhp dmY[Z]l4P(U`X\fLmUe«ObP+\fLm_ i _aY_ahjekUV`mlP(\fLmP(ObZhp¹
aUV`9Z]YO2P@Zh`UVe\^LmP4` i P %9`mP i {j=  & ( 6  4 3 N'LmUVlL!YP@Z i e\f_ 5     
Zh` i 6 tZ;'ETJ_\^LmP"_apkUVaU`9ZhYO2_ i P4Y Zh` i \fLmP"Zhdmdmpk_@nNUOZg\fP i Ob_ i PY	\^Wmp^`|_aWN\c\f_
P"\^LmP7efZ]ObP]~` i \fLNP"\¤_ ZhdNdmp^_{Z]lLmP4e~P` i Wmd UV` ZWm`NU  WmPX_a`NPh , _apkP4_;¯aPpP
i _`m_h\c`mP4P i Z]` j!Z imi U©\fUV_h`9ZhYZ]dmdmp^_@nJUVObZ]\^UV_a`U`!\fL9Z]\'l4Zhe^P]
K3LmUVe3YUV`m¢bOZ@jPWme^P i I_ap3U`mek\fZh`mlP~UV` Zo_aUe^e^_h`¬_apcZh`P1nNd_a`mP`{\fU[Z]Y Ob_ i P4Y /
  o _aUVeke^_a` Ob_ i PY /
  e^_ 0    i UVZh e P 0 ! g  N C kjkjkj  ;  i U[Zh eh& ( 6 g  N C kjkjkj  ;
  P1nNd_a`mP`{\fU[Z]Y Ob_ i P4Y /
  T e^_ 0    i UVZh`e P 0 T   g  N C kjkjkj  ;  i U[Zh e -& ( 6  T 7 ) ( a )  g  N C kjkjkj  ;3
  
 ()( 0!	 '
  l  `w  	   " 
¦¨P %mp^ek\l4_a`Ne^U i P4p~ZekOZ]YVY i Z]\fZe^P+\~_h';_hme^Ppk¯]Z]\fU_a`meEl4_a`mlP4pk`mUV`m!l4ZhY¯>U`m i U7¹
l4WmY©\fUVPe4cK3LmUVeEUVeEZe^UObdNYVU(%mP i P+n>\fp^Zhl\_h§Z i Zg\ZekP\­dNp^P4ekP4`{\fP i UV` £9_aWmYYVP+j t;ha{+
r¤` \^LmUVe­\^P4et\P1nNZhObdNYVPh I_apP@ZhlL._ame^Ppk¯]Z]\^UV_a`\^LmP7` WmOXP4p_hl@ZhY©¯>UV`maeUV` P@ZhlL _h
\¤_!l4Z]\fPa_ap^UP4eXBP@Z]ekj i UblWmY\cUep^Pd_hpk\fP i ­RNUV`m_aO2U[Z]Y Ob_ i P4Y	UeWmekP i Zh` i \^LmP
P+nJdmY[Z]`9Z]\f_hpkj¯]ZhpkU[ZhmYP4e(l_a`mekU i Pp^P i l4_a`Ne^UVet\_]\¤_P` ¯>Up^_a`mO2P4`{\fZhYBZhl\^_ap^e'_h%NnJP i
P65P4l\^eEI'U\^L7p^Pe^dP4l\^U¯hP4Yju­Zh` i y~YVP¯hP4Ye+ Z]` i _a`mP3p^Zh` i _aO P65P4l+\0/	\fLNP3e^UVpkPha'U©\fL
Q2YP¯hP4YVecZh` i ¯]ZhpkU[Zh`Nl4P~l4_hObd_a`mP` \%RUT§K3LNUVe i Z]\fZ7e^P\EUVe3hU¯aP`UV`K)Z]mYVP7a
KZhmYPcu­aU¯hP4e«\fLNP~­vd9ZhpfZ]ObP+\fP4p)P4ek\^UVObZ]\fPe¡Zh` i \fLNP4UVp$dNp^P4lUVekUV_a`XI_ap¡Z~dmpk_amU©\
YVUV`N¢¨O2_ i PY3Zh` i I_ap2Z YV_aaU©\XYUV`m¢.Ob_ i P4Y ¡OZh¢ U`m Wme^P UV` \fLNP¬YVZ]\^\^P4p7l@Z]e^P _hE\^LmP
dmp^_>l4P i Wmp^PdmpkP4ekP4`{\fP i UV`¬TJPl\fU_a` yN uJ
K3LNP4e^P"p^P4ekWmY\^eUYVYVWNek\fp^Z]\fP~_h`ml4P"Zh{ZhU`\^LmP"YUV`m¢P+\¤PP4` YV_haU\cZh` i dmp^_hmU\'IWm`ml1¹
\fUV_h`me4r \Ue$PYVY9¢ `m_;'`b\^L9Z]\§d9Zhp^ZhObP+\fPp$P4ek\^UVObZ]\fPe¡UV`'%NnJP i P65P4l\mU`m_aO2U[ZhY>Ob_ i PY
'U\fL dNp^_amU©\YVU`m¢ Zh` i YV_aaU©\YUV`m¢¬ZhpkP7P+nJdPl\^P i \^_P7dmpk_ad_apk\^UV_a`9Z]Y 'U©\fL Z!l4_>P 7¹
l4UVP`{\ ¡p^P4YVZ]\fP i \f_E\fLmP3Z]dmdmp^_@nJUVObZ]\^UV_a`_h9\fLNPYV_haU\	IWm`ml+\fU_a`X{j\^LmP(dmpk_amU©\IWm`Nl\fU_a`
W 	 "$ (








®E_ 9$`{¯>UVp^_h`mObP`{\ZhYBZhl+\f_apke TJUp^P ¸(Z]\^P4a_hp^UVPe
P4Zhekj i U 2lWmY\
    zh ;y
u  u  y{z uau
y    y    
Q  u  ; y
z  u  @Q Q
    u u]Q Hu
    u ; y
  u u Q{ z
 u  u     Q
@ u u y    z
h u  y Q{   
;u u u y u   y
@y u y y    @Q
4Q u u y y{z Q
;z u y Q y   y
   u y Q @Q Q
   u u Q Q{ 
@ u u Q yhQ u
K)Z]mYVP7 /$s\^P4ek\ i Zg\Z7e^P+\El_a`mlP4p^`NUV`m2l@ZhY©¯>UV`m i U2l4WmY©\fUVPe4
\¤jJdP_hp^P4YVZ]\fU_a`mekLmUVd
.	P+\Wme i P4`m_]\fPG6 RBp^Pe^d 6N7\fLmP %NnJP i P65P4l+\d9Zhp^ZhO2P\fPp^ebUV` \^LmP|dmpk_amU©\YUV`m¢





\f_\fLmP¯]Zhp^UVZh`ml4P7l_aO2d_a`NP4`{\:RoT4£9p^_hO K)Z]mYVPbuJ PL9Z@¯aPI_ap~\fLNP$%NnJP i P65P4l+\fe&/
6   6  Z
 ,  `EZ 	
	 ,`EZ
 Z bZ
,ZQ (§K3LNUVe'P4et\fUVObZ]\^UV_a`Ue39ZhekP i _h`\^LmP
OZhpkaUV`mZhYO2_ i P4YeI_ap(\fLNPP1nJdPl\Zg\fUV_h`me /
 *-& ( 6  [ (57! T

"$ UV`!\fLmPdmpk_amU©\'l@ZhekPh
 * YV_aaU©\ AC -& ( 64[ ( 7  T  T

#"$   & ( 6 [ ( 7  T  T  #"$   U`\fLmP~Y_aaU©\l4Zhe^P]®E_;$P4et\fUVObZ]\^UV`m|ZhYVek_R T «P!L9Z@¯aP!LmPp^P   ( 7 T










P4et\fUOZ]\^P ek\fZh` i Z]p i P4p^pk_ap Pek\fUOZg\fP et\Zh` i Zhp i P4pkp^_ap
6 C  Z 
 ,(  Z (  	  Z   , Z	 , 

6 T  Z ( 	  Z ( 	    Z  
 ( Z	 	
	 ,
6  Z  ( ( 	 Z (:, 	 ,  Z ( 	Z Z:,#, 	 

6  Z :,(
  Z (  Z
	  Z	  , Z	 
 	
RUT ZfZ 
   Z ,,  
K)ZhNYVPcu/ 9¡et\fUOZ]\^P4e§Zh` i ek\fZh` i Z]p i P4p^pk_ap^e§_h %NnJP i P
5 Pl\Zh` i ¯]Zhp^UVZh`mlPcl_aO2d_a`NP4`{\
I_ap(\fLmPl4ZhY¯>UV`N i Z]\Z7WmekUV`m2ZmUV`N_aObUVZhYOb_ i P4Y
'LmUVlL UVe(¯hP4pkjlYV_aekP­\f_\fLmPZh_;¯aPaU©¯aP4` pfZg\fUV_he4
e~p^P{Zhp i e­\fLmPX¯]ZhpkU[Zh`Nl4PXl_aObd_a`mP`{\~P4et\fUVObZ]\^UV_a`UV`D_hWmpZhdmdmpk_{ZhlL \fLNPZhdmdmpk_;nJU¹
OZ]\^P i l4_h` i U\^UV_a`mZhY O2_ i P4YVe l4_h`me^U i P4pkP i Zhp^P­\^LmP~I_aYVY_H'U`mae /
dmp^_aNU\3l4Zhe^P /M 0* .  &( 6  [ (D7+ <T

#"$ 
7 /D&( 6  [ (57! <T

#"$ " (D7+ <T  EA "$ ) ( . YV_aaU©\(l4Zhe^P /  0* .  Y_aaU\ AC & ( 6 [ (57 T  T

#"$ 
7­YV_haU\ AC -& ( 6 [ (D7 T  T

"$ W (57 T  T   A "$ )( . YV_aaU©\ AC  PUV`mX\^LmP i P4pkU¯]Z]\^U¯aP~_])Y_aaU\ AC 
®E_;
Y_aaU©\ AC  & ( 64` (57 T  T







V  T  (r7+ T

	[ (r7 T  T

"
'LmUVlLUVe7LmPp^P P4et\fUVObZ]\^P i \f_ Z  	  





Z ,  
K3LNP4e^Pp^P4ekWmY\^e\^LmP4pkPI_apkPbO2P@Zh` \fL9Zg\"_aWNpdmpk_JlP i WNp^PbI_hp\^LmPY_aaU\­YVUV`N¢DOb_ i PY








r \XZhYe^_ e^Lm_;'e\fL9Z]\\^LmPdmpk_ad_apk\^UV_a`9Z]YVU\¤j¬_hdmp^_aNU\Zh` i YV_aaU©\~P4et\fUOZ]\^P4e~I_ap %NnJP i
P65P4l\cO2_ i P4YVeUVecZhYVek_7dmp^Pe^P` \cI_ap3p^Zh` i _aO P65P4l\cO2_ i P4YVe
    ! w ! m    
¦¨P¡`m_; _aNe^P4pt¯aP§\fLmP¡dP4pkI_hp^ObZh`ml4P¡_h>\fLNUVe	P+n>\fP` i P i v¨dmpk_JlP i WmpkP_h`ekUVOXWmYVZ]\fP i
i Z]\ZJ¦.P¬ekUVOXWmYVZ]\fP i u]a i Z]\Z e^P+\feZ]` i P¬hU¯aP UV` \fLNP %9pkek\bd9Zhpt\_hK)Z]mYVP y
\fLmP!O2P@Zh`Zh` i et\Zh` i Zhp i Pp^p^_hp7_hE\^LmP uha Pek\fUOZg\fP i ¯]ZhYWmP4e7_hN\ZhU`mP i I_hp7P@ZhlL
d9ZhpfZ]ObP+\fP4p¦¨Pbl4_a`Ne^U i P4p"LNP4p^PZ¬Y_a|YUV`m¢DP1nJd_a`NP4`{\fUVZhYO2_ i P4Y¡Zh` i PZhp^Pbe^_DU`
d_aekU\^UV_a`7\f_Wme^PE\fLmPcP+n>\fP`me^U_a` i Pe^l4pkUVP i U`T>P4l\^UV_a`yN©a«K3LmP­O2_ i P4Y9U` ¯h_aY¯hP4e(_h`mP
%NnJP i d9Zhp^ZhObP+\fPp~Zh` i _a`NPXpfZh` i _aO¯aP4l+\f_ap~'U©\fL pkP@ZhYUV@Zg\fUV_h`meEU` Zh` Wm` 9Z]Y[Zh`mlP i
P+nJdPp^UObP` \fZhY i P4ekUVa`)K3LmP­e^U4PE_h \fLmP i Z]\fZ¯aPl\f_hp(UVe   uJ«K3LNP­e^UOXWmY[Zg\fP i ¯]ZhYVWmPc_h
6¨UVe3ekP\cWmd\f_2yN$E` i pkP4ekWmY\^eEZ]p^PaU¯hP4`I_ap i U(5 Pp^P4`{\3¯]ZhYWmP4e'_h RUT4
T>UVOXWmYVZ]\fP i ¯]ZhYVWNP4e R T @ZfZ  R T  Z R T  ( R T ,




e P] Z (hZ (  Z	  	  Z  	( (  (  , 
 , 
	 O2P@Z]` ,    	 ,  	QZ ,   	 , ,  
  	
e P] Z ((  Z:,   Z   Z Z (:,

|   O2P@Z]` ZfZ 	 	 Z(  ( fZ,	QZ ,fZ 	 
e P] Z (hZ , 	 Z	 , 
 
 Z   Z (  , 
	
	 O2P@Z]` ,  
  ,   	
 ,    
 ,  	 ,
e P] Z ( 	 	 Z:,

#, Z 		  Z #,, 	
K)ZhNYVP­y/ , P@Z]`me'Zh` i et\Zh` i Zhp i Pp^pk_ap^e(_]	P4ek\^UVObZ]\fU_a`me¡_a` uhh"e^UOXWmY[Zg\fP ibi Z]\fZ"e^P+\fe




;   " 
 	$@	

¸_h`ml4Pp^`mU`m~\fLmP %NnJP i P
5 Pl\@a'LmZ]\fP+¯aP4p$\^LmP3e^UOXWmY[Zg\fP i ¯hZ]YVWmPe$_hG¯hZ]p^U[Z]`ml4P(l_aO7¹
d_a`NP4`{\R T Z]p^PhObP4Zh`meE_h¡P4et\fUVObZ]\^UV_a`me'aU©¯aP9Zhl¢\fLmPXekUVOXWNY[Z]\^P i 6¡Zh` i `m_h`De^Wmp¹
dmp^Ue^UV`NaYj¨ek\Z]` i Zhp i P4pkp^_ap2UV`mlp^P4Zhe^PeZhe8RUTbU`ml4pkP@ZhekP4e ¸_a`Nl4P4pk`mUV`N.\fLNP ¯]ZhpkU[Zh`mlP
l4_aO2d_h`mP4`{\@9P+¯aP`|UO2P@Zh`me'_hP4et\fUOZ]\^UV_a`Ne'Zhp^Pl4Y_ae^P­\^_2\^LmPe^UOXWmY[Zg\fP i ¯]ZhYWmPhN\^LmP
dmp^_>l4P i Wmp^P7ekP4PObe­\^_!L9Z@¯aP7O2_ap^P i U 2l4WNY\fUP4e\^_p^P4ZhlL LmUVhLmP4p¯]ZhYWmP4e_hrRUT4T>\Z]`J¹
i Zhp i Pp^p^_hp^e'ek\fZ;j Z]p^_aWm` i \^LmPObP4Zh`!¯]ZhYVWmP]
.	P+\WNeE`m_]\fP\^L9Z]\'I_ap%RUTW Z ]Z JGUV`¬Zhp^_aWN` i _a`NP\^LmUVp i _h)\fLmPl@ZhekP4e\fLNPPek\fUOZH¹
\fUV_h`|_hRoT\fP4` i e\f_b4Pp^_mEK3LmUVe­Uec\^LmP"l4Zhe^P'LmP4` ekUVOXWmYVZ]\fP i|i Zg\ZZhpkP"ObZhp^hUV`9ZhY©j
l4YV_he^P\f_2P+nJd_h`mP4`{\fUVZhY i UVet\fpkUVmWN\^UV_a` Zh` i e^_2\fLmPpfZ]` i _aO P
5 Pl\ i _JPeE`N_h\U`{\fp^_ i WmlP
ZO"WmlL¬LNUVaLdP4pk\^Wmp^mZ]\fU_a`
r¤`\fLmP§e^Pl4_a` i dmZhpk\_h9KZhmYPyNgPaU¯hP§\^LmPPek\^UVObZ]\fU_a`p^P4ekWmY\^e)_hJ\fLmP(Tm¸ 7E . .
dmp^_>l4P i Wmp^P _a` \fLmP efZhO2P e^UOXWmY[Zg\fP i i Zg\Z e^P\^e4 Ee¬pkP4{Zhp i e
%NnJP i P
5 Pl\^e4~\fLmUe
dmp^_>l4P i Wmp^P~hU¯aPe\fLNP~efZhO2P­p^Pe^WmY©\fe3Z]e\fLmP~­v dmpk_JlP i WmpkPhE7E_;P¯hP4p4Gl_a`ml4Pp^`mU`m
¯hZ]p^U[Z]`ml4Pl4_aO2d_a`mP4`{\EP4et\fUVObZ]\^UV_a`9U©\cdPpkI_apkObecP+\^\^P4p'I_apELNUVaL ¯hZ]YVWmPeE_h RUT /¦.P
i _.`N_h\2P4`ml_aWm`{\fPp2\^LmP¬e^ZhO2P!dmp^_aNYVP4O Zhe7I_apbv dmp^_>l4P i WmpkP¬U`\^LmUVe7p^Zh`maP_h
¯hZ]YVWmPe4 , _ap^P_;¯aP4pZ]YVY\^LmP!P4et\fUOZ]\^UV_a` i UVekdPp^ekUV_a`meZ]p^Pek_aObP+'L9Z]\ekOZhYYVPp'U©\fL
\fLmPTm¸ 7c. .¨dmpk_JlP i WmpkPh
   	(		+
 l4_h` i U\^UV_a`mZhY§Zhdmdmpk_{ZhlL¨\^_Dd9Zhp^ZhObP+\fPp"P4et\fUOZ]\^UV_a` UV`.aP4`NP4pfZ]YVUVP i YUV`mP4ZhpObUnJP i
Ob_ i P4YeLmZhe3PP4`!dmpk_ad_ae^P i {j!TJlL9ZhYY«;aNH1«r \3Ue(l4_a` i U\^UV_a`9Z]YU`\fLNP­e^P`me^P~\fLmZ]\
U\fe %9pkek\"ek\fPd UVeZ¬l_a` i U©\fU_a`9ZhY$YUV`mP4Zhp^U@Z]\^UV_a` _h\fLmPbOb_ i PY¥K3LmUedNp^_>l4P i Wmp^Pl4Zh`
PWme^P i I_apcZh`{j Ob_ i PY UV`\fLmUeEl4Z]\fPa_apkjh(K3LmPdmp^_>l4P i Wmp^Pdmp^_hd_aekP i  j|~UVYOb_aWNp4
` i Pp^ek_a`{P\$vEZhP­t;h{za UV`"\^LmP(l@Z]e^P(_hZEdmp^_aNU\«YUV`m¢~O2U©nJP i Ob_ i PYJYUVP4e O2_ap^P_a`7Z
OZhpkaUV`mZhYhZ]dmdmp^_aZhlLekUV`mlP¡U\ %9pkek\	\fP` i e \f_'aP+\ UV`NI_apkOZg\fUV_h`_a`~\fLNP§ObZhpkaUV`9Z]Y]O2_ i P4Y¥
r \§Zhe¡\fL Wme¡UVO2d_apk\fZh`{\«\f_ek\^W i j7\fLNPcP1n>\fP4`Ne^UV_h`_h\fLmUe¡dmp^_>l4P i Wmp^P3\^_O2_ap^P3O2_ i P4Ye
UV`D\fLNP7l@Z]\^P4a_aptja 9$¯hP4` U$P7Pp^P2ZhmYP"\f_!dmpk_ad_ae^P7ekWmlL¨Z]` P1n>\fP4`Ne^UV_h` I_hp­l@ZhekP4e
i P4ekl4p^UP i UV`TJP4l+\fUV_h`uJ>U\UVeLN_HP¯hP4p3`m_]\¯]ZhYVU i I_hp(Zh`{jbaP4`mPpfZhYUVP i YUV`mP4Zhp¡ObUnJP i
Ob_ i P4Y i WmP$\f_3\^LmP¡YVUVO2U\fZ]\fU_a`'_h>\fLmP$ObZhp^hUV`9ZhYgP+nJdP4l+\Z]\^UV_a`l@Z]YVl4WNY[Z]\^UV_a`­O2P4`{\^UV_a`m`NP i
UV`TJPl\^UV_a`u> yN .	P+\3Wme(`N_h\fP­LN_HP¯hP4p3\fLmZ]\(P4ekU i Pe(\fLmP­O2_ i P4Yel_a`me^U i P4pkP i U`\fLmUe
d9ZhdP4p49\^LmPXZhdNdmp^_{Z]lL|ObZ;j Z]YVe^_2PWmekP i I_hpc\^LmPU`{¯aP4pke^P1¹¤YVU`m¢!P+nJd_a`mP` \^U[ZhY	O2_ i P4Y¥








Zhdmdmpk_;nJUOZ]\^UV_a`2_h \^LmPl_a` i U©\fUV_h`9ZhYGP+nJdP4l\fZ]\fU_a`\^LmP­P4et\fUOZ]\^UV_a`2O2P\fLN_ i l4Zh`\^LmP4`
Pe^P+\cWmd 'U©\fLm_hWN\'OXWmlL i U 2lWmY\¤jh
9«¯hP4`{\fW9Z]YVYj.U\_hWmY i PUV`{\^P4p^Pek\^UV`m|\^_ UV`{¯aPek\^UV{Z]\^PO2_ap^PUV` i PP4d \fLNUVe"l_aO7¹
d9Zhp^Ue^_a`P\¤P4P` OZhpkaUV`mZhYZh` i l_a` i U©\fUV_h`9ZhYdmpk_JlP i WNp^P4e¦ U\^L!\fLmPp^Pe^WmY©\fecaU¯hP4`
UV`DKZhmYP7yN UV`¬\fLmP7l4Zhe^P7_hZh` P1nNd_a`mP`{\fU[Z]Y)YV_hYVU`m¢¬O2_ i P4Y P2Zhp^PXYP i \^_!dmp^P+IP4p
\fLmP~WmekP_h	\fLmPTm¸ 7c. . dmpk_JlP i WNp^PUV`mek_hBZhp3Z]e3U\3ekP4P4O2e3\f_7P~YVPe^e3YVUObU©\fP i UV`\^LmP
pfZh`mhPX_h¡¯]Zhp^UVZh`ml4P"l4_aO2d_h`mP4`{\­¯]ZhYWmP4e"®cP¯aPpk\^LmP4YP4e^eZO2_ap^PXhP4`mPpfZhY$Z]` i P+n>\fP`J¹
e^U¯hPek\fW i j e^Lm_aWNY i P i _a`NPh§` i \fLmP i U(5 Pp^P4`{\'\¤j>dPe_h)ZhdmdNp^_@nJUVObZ]\fU_a`me(WmekP i U`
P@ZhlL¬Zhdmdmpk_{ZhlL e^Lm_hWmY i ZhYe^_PO2_ap^P~P`mYVUaL{\fP`mP i 
  ](''
` i P4pke^_a`  h"]P\ , hU©\f¢ UV`t;h{za+H·§ZhpkU[Zh`mlP(¸_hObd_a`mP` \^e , _ i P4Ye'U\^L-;U¹
`9ZhptjvcPe^d_a`mekP&/$r¤`{\fPpk¯>UVP+PpE·§ZhpkU[ZhNUVYVU©\¤ja 0   "  
	   	  	*
 
	 	 ¥uh+9u]ayNuJ@N
` i P4pke^_a`  NJP+\ ?NNo @7cUV` i PXt;ha{+>vcZh` i _hO P
5 Pl\feUV`aP`mP4p^ZhYVU4P i YVU`mP@Z]p
Ob_ i PYVeZh` i \fLmP19 , ZhYVa_hp^U\^LmO    --! 	*	 	 	   	 " 	
)   " ) aH+NyahQ   Jya{z   
;pkP4e^Y_;®9'P\  7 ¸YVZ@j>\^_a` ;aaya+mEdmdmp^_@nJUVObZ]\^Pr¤`NIPp^P`ml4PUV`|P`mP4p^Zg¹
YVU4P i . UV`mP4Zhp , U©nJP i
, _ i PYVe !
 "    1

	*  	   	*   
	 
	"!#! BQ uJ;+mNuazJ
£9_aWmYYVPjh ?N .$­;aaa+ 7EP+\fPp^_aek¢hP i Zhek\^UVl|\^Lmp^Pe^Lm_aY i O2_ i PYVe7'U\^L ZhdNdmYVUl@Z]\^UV_a`me
\f_7\fLNPZ]`9ZhYj>ekUVe3_hl@ZhY©¯>UV`m i U2l4WmY©\fUVPe4$   

 	% !%&('&	) 
 
'	*+! Gyha
£9_aWmYYVPjh?N .$GP\~Tr¤O ;aaya+9 ObZhpkaUV`9Z]Y  W9Zhe^U¹¤YUV¢hPYVULm_J_ i ZhdmdNp^_{ZhlL¬\f_b\^LmP
Zh`9ZhY©j>e^UVe_h¡d_hUVe^ek_a`D¯]Zhp^UVZhmYP4eE'U©\fL aP`mP4p^ZhYVU4P i YVU`mP@ZhpEObUnJP i O2_ i PYVe-, 

$ 	./ 
  	0/&('&"	132  ;N4@   
£9_aWmYYVPjh ?N .$P+\ 93 , Zh`NIpkP i U;aNH19dmdNp^_>lLmP4eEek\Zg\fUVet\fU(>WNP4e i P"Y  +¯hZ]YVW9Z]\^UV_a`








uh   " 
 	$@	

~UVYVO2_aWmp v©)v  	` i P4p^ek_a`P\" .$	vEZ]P|;a{zh+K3LmPZh`9ZhY©j>e^UVe~_](mU¹
`m_aO2U[ZhY i Z]\fZ{j ZhP4`mPpfZhYUV4P i YVUV`NP@Zhp!O2U©nJP i O2_ i PY¥  	1  	   1 By{+
zhayJzhaN
7EU` i P]?N{t;aaua+@¸_aObd_aWm` i d_aUe^e^_h`~p^P4hp^P4eke^U_a`Ob_ i P4Ye4r¤`"v;~UVYlLmp^Uek\¡ 9 i  1
,$  !+1 *)	!# "  $   






 	$*  )!
2 	®cWmOXP4p7@QU` .	Pl\^Wmp^P2®E_]\fP4e~U`.T>\Z]\^UVet\fUVle4dNd«;aHuJa
TJdmpkUV`maPpt¹¥·¡P4p^YVZhm
?aZh`mekP4` ?NGP\ ?NG" 7c_JP¢ ek\fp^ZD;aay{1mK3LmPZh`9ZhY©j>e^UVe'_h)dmp^_hd_apt\fU_a`me3UV` Zhhp^UVlWmY©¹
\fWmp^ZhY	P+nJdP4p^UObP`{\fe{j|ZbaP`mP4p^ZhYVU4P i YVU`mP@Z]pcO2U©nJP i O2_ i P4Y¥   	  	*	 
 
()	** By{+   4   Qm
, l@¸WmYVYVZhaL>o P+\ ?N>®EPY i Pp­;aaa+, 
$
%&	('*)  	$* )!
2
 BekP4l_a` i P i  1
¸L9ZhdmObZh` Zh` i 7Z]YVY¥
, l@UYVlLmpkUVek\4]¸g>t;hhQ + 9$et\fUVObZ]\^UV_a`~U`X~P4`mPpfZhYUVP i , U©nJP i , _ i P4Ye4+ 0 
  "   
	 	   	* 
	 	/ 2 t;+   4   N
o)Zg\^\fPp^ek_a` 7  gP\¡vgK3Lm_aO2dme^_a`!t;   H+gv'P4l4_;¯hP4pkjX_h9UV`{\^P4p^NYV_>l¢U`NI_apkOZ]\^UV_a`
'LmP4` \fLmPmY_Jl¢be^U4P4ecZhpkPWm`mP  W9Z]Y¥  	1   	 )2+! Gz]Q{zNzaz]QN
TJlL9Z]YVY¥v«;aNH19¡et\fUOZ]\^UV_a` UV`|aP4`mPpfZhYUVP i YUV`mP4ZhpcOb_ i P4Yec'U©\fLDp^Zh` i _hO&P+[¹
IP4l+\fe4  	1   	  ! IQ +   ;   u   
 P4hP4p4hT .$77 . U[Zh`mNgP+\«o ]THYVP4pt\t;ah{+ , _ i PYVe I_ap	YV_a`NaU\^W i UV`mZhY i Zg\Z
/)Z­hP4`mPpfZhYUV4P i P4et\fUVObZ]\^UV`mcP  W9Z]\^UV_a`Z]dmdmp^_aZhlL  	1   	# m@hQ{@   N
132:A134
Unit é de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY
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Unit é de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
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